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TYPICAL ANALYSES OF GRADES 
"Tog/ Sfee/ for tfie NGn-Aieto/fLrrgrsr" 
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PREFACE 

It is the aim of this booklet to present a practical 
understanding? of Tool Steeds without being overly 
technical. Because of this aim the presentation has 
been purposely confined to direct, familiar phraser 
Below are listed the Crucible Tool Steels discussed in 
this booklet: 

Water Hardening: 

Alva® Extra—Shallow Hardening 
Sande]*son Extra-—Medium Hardening 
Sanderson Special—Deep Hardening 

Oil Hardening: 

Ketos* 

Shock Resisting: 

LaBelle® Silicon #2 
Hal van* 

Atha Pncu 

Air Hardening: 

Airkool 
Airdi® 150 
HYCC® 

Hot Work: 

Halcomb 218 
Chro-Mow* 

Peerless A 

Rex® VM, I'X Temper 

High Speed: 

Rex M2*S—Rex T MO®—Rex VM*—Rex® A A 
Rex AAA—Rex 95—Rex 49 
Rex 4V—Rex MSS 1— Rex M3S-2 
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TOOL STEEL FOR THE NON-M ETALLURGIST 

There has existed for many years an air of mystery 
surrounding the selection, heat treatment* and use of tool 
steels. Started by the secretiveness of the early makers* it 
has been fostered somewhat by the never ending introduc¬ 
tion of new grades, 

In working with the diverse and special requirements 
of tool steels, Metallurgist^ understand the existence of 
so many different analyses. This situation is not unlike that 
of the Chemist, who appreciates the infinite number of 
chemical compositions possible and the practical value of 
innumerable compounds. 

Many shop men and engineers, whose technical train¬ 
ing in metal working has been devoted to other phases, 
on occasion* rub elbows with tool steels. For them, this 
simple approach to the understanding of tool steels is 
presented. Familiarity" with the six basic types of tool 
steels will help to successfully handle the numerous grades 
which arc modifications within these types. 

The six basic types to he discussed are listed on page 
5 with Crucible grades grouped under each for ease 
of discussion. These grades are representative of the 
many which are required to serve both regular and 
special applications. The order of presentation in this 
booklet will be to start with the simplest type (least 
amount of alloys), the Water Hardening Carbon Tool 
Steels. Progressively, those types with increasing amounts 
of alloying elements will be discussed. 

After each grade in the listing of Water Hardening 
Steely a descriptive phrase has been added to pin point 
the outstanding value of each steel within the group. 
However* this phrase cannot be used to compare a steel 
of this group with that of another. For example, describ¬ 
ing Sanderson Special as “Deep Hardening” does not 
moan that it hardens deeper than Kotos or Rex MS. It 
does have meaning within the first group indicating that 
Sanderson Special will harden deeper than any of the 
other Water Hardening groups. 

Before considering the specific grades, two thoughts, 
which should always be associated with tool steel, are 
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worthy of mention. First, the term tool steel do notes a 
special quality, It is generally understood that all tool 
steels are electric furnace melted- Careful processing and 
conditioning are practiced during the many mill opera¬ 
tions from ingot to finish product- Extreme care is ex- 
erciaed in each heating Operation, Rigid physical and 
chemical standards arc maintained to uphold this distinct 
level of quality. 

Secondly, actual job experience will dictate the final 
selection of a tool steel. This not only encompasses the 
nature of the steel itself, but also includes other factors, 
Some of these are available heat treating facilities, the 
behavior of the steel while being shaped into a toot, and 
whether long or short production runs are planned. 

Each grade has outstanding properties which will best 
serve the requirements of an individual job, The manner 
in which the groups are classified as well as distinction 
among grades within dacb group signifies the variety of 
traits in tool steels. There is no one tool steel which will 
be superior in all respects. 

Analysis of the job will at first result in the selection of 
one of the six basic types. Further examination will indi¬ 
cate the need for specific qualities in the tool steel, It 
then follows that a particular grade which has the best 
balance of properties to match the job will be the final 
choice. 


WATER HARDENING CARBON TOOL STEELS 


Analyses 


Grade 

C 

Mn 

Si 

Cr 

V 

Alva Extra ......... 

... .95 

.25 

,20 


,20 

Sanderson Extra. 

... 1.05 

.25 

.20 

— 

— 

Sanderson Special . ... 

... 1,10 

,30 

.50 

.25 

— 


Carbon Tool Steels have carbon as the principal control 
clement generally in the range of .B5/J.16% h When hard’ 
ened t the surface becomes intensely hard providing good 
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wear qualities. Tools made from Carbon Tool Steel fan 
be sharpened to a keen edge with a high finish. Some 
special steels arc made with the carbon content as low as 
M '-r or as high as 1,40 /J r 

The significant characteristic of Carbon Tool Steels is 
that differential hardening results from heat treatment. 
This is better described as a "case” and "core' 1 effect. 

The case is a uniformly hard, outer area which is file 
hard in the As-Quenched condition, The degree of hard¬ 
ness is in the range of Rockwell C-65 ST. 

The core hardens to a lesser degree—about Rockwell 
C-40 45. This provides support for the hard case. The 
relationship of case and core is illustrated in Figures 1 
and 2 — 


longitudinal section 

CUT IN HALF 




Figure 3. CrfiM, seclnun s-kdeh of Sarb-Sfl 1**1 Hftfrl Ipiflrt dl*. 

While all the Carbon Tool Steels react to hardening in 
much the same manner, slight variations in analysis and 
melting practice will bring about variations in the depth 
of hardening or case depth. Thus h these steels are graded 
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as shallow, medium, medium deep, Arad deep hardening, 
The relative depth of hardness* penetration (case) for 
each of these four grades Is shown in Table L 


TABLE J —DEPTH OF HARDNESS PENETRATION 
(in 64th s of on inch) 
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Cflftfr Roekwi.'31 C-^5/67 
Cast Rockwell C--J 0 45 


It can readily be seen that Carbon Tool Steels have an 
outstanding characteristic in the “case-core” effect. The 
shallow hardening steel is of vital importance to assure 
the presence of the tough core in small sections. As the 
size increases, it is advisable to go from the shallow hanl- 
efling to the medium or deep hardening steels to develop 
a substantial case. 

In selecting Carbon Steels, it is well to remember that 
there is a limit to the amount of grinding or sharpening 
which can be done. If the hard ease is ground away, the 
cutting or wear-resisting qualities arc lost. Actually, this 
seldom occurs in practice due to the small amount of 
metal removed. 

The elasticity ret[Ui red to successfully stand up under 
repeated stresses makes Carbon Tool Steals useful as 
blacksmith tools, cold chisels, hand punches, cold header 
dies, jeweler die blocks, and cold forming tools. The in¬ 
tensely hard east which permits sharpening to a keen 
edge makes them valuable for tools such as knives, razors, 
shears, and wood chisels. 
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These steels require a fast quench to obtain maximum 
hardness, Therefore, they are quenched in water or a 
water solution such as brine, A tendency to distort re¬ 
sults with drastic quenching so that dimensional changes 
in tools and dies take place. Also, cracking may occur 
where sharp cornets exist or thin and heavy sections 
adjoin. When design changes cannot be made, it may be 
necessary to go to an Oil Hardening Steel. 



Figprp 3. Water hardening rool tf**< in cold fpruning Dpera?i*n 
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OIL HARDENING TOOL STEEL 

Anatyim 

Gtvdt C Mit Si Cr W 

Kotos JO 1.35 M JO JO 


The addition of a substantial amount of manganese 
plus small amounts Of Chromium and tungsten permits 
this steel to harden in oil. The “case-core” condition of 
the carbon tool steels disappears because Kotos will 
harden all the way through even in relatively large 
sections, 

Ketoa supplements the Water Hardening Steels in per¬ 
mitting the use of more intricate designs. Figure 4 Shows 
samples of designs which can be safely hardened in oil,. 
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Fi-JJU p* 4. Desigrti of die* wi-lh square rarn?fj and sharp onglfS which 
require on oil hardening steel tor toff hardening. 
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but not In water. Also, more grinding and resharpening 
can be accomplished with this grade because it is deeper 
hardening* 

When the need of these features is evident, Oil Hawl- 
ening Steels are used for many of the same tools as the 
carbon tool steels. Some of these are blanking, coining, 
and drawing dies, Tbe ability to harden with less distor¬ 
tion makes Ketos a desirable choice for gauges, master 
hobs, and molding dies. 

In selecting Kotos over the carbon tool steels a sacrifice, 
to a degree, is made with regard to edge keenness, resis¬ 
tance to shock, and machinabtlity. In considering tough¬ 
ness, it has been found that the Oil Hardening types are 
superior to the carbon tool steels in equivalent sections 
which harden ail the way through. 

In practice, the overwhelming use of Ketos clearly 
establishes it as the outstanding general purpose Oil 
Hardening Steel, 

SHOCK RESISTING TOOL STEELS 


Analyses 


Grade 

C 

Mn 

Si 

Cr 

V 

W 

Mo 

LaBelle 

Silicon , ., 

.GO 

M 

1.85 

.25 

.20 


.30 

Hal van + . 

.50 

.80 

.30 

1*00 

.20 

— 


Atha Pneu ... .. 

.55 

,25 

.25 

125 

.20 

2.75 

— 


Extreme strength to resist shock is required for a num¬ 
ber of tool applications. With tool steels, the toughness 
value of a particular grade can be enhanced to some 
extent by lowering the carbon content. This has been 
done with this group of steels. 

Such a change, however, brings al>out a lower degree 
nf hardness. To offset this loss, effective amounts Of one 
or more of the following elements have been added— 
manganese, siiicon, chromium, molybdenum, or tungsten. 
These elements also induce strength to absorb repeated 
stresses. 

haficlle Silicon #2 contains L&5 silicon. In addition to 
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promoting harden ability, silicon gives ires i stance to im¬ 
pact and battering at a relatively high hardness. This 
grade will harden either in oil or in water. Simple shapes 
and large sections are usually water quenched- Compli¬ 
cated shapes and smaller sections may be oil quenched. It 
is frequently used for cold cutters, mauls, screw drivers, 
concrete breakers, shear blades, and hand chisels, 

Halvan contains a substantial amount of chromium 
which forms hard carbides with improvements in abrasion 
resistance and gives this grade some capacity to resist 
softening when the tool temperature me reason, Hal van is 
usually quenched in oil, but can lie successfully hardened 
in water if the tool shape is simple. It is used for chiaels, 
die holders, hot header dies, and rivet sets. 

Alha Pneu with 2,75$" tungsten and! 1-25% chromium 
has accentuated wear resisting and cutting qualities. 
White these element s induce red hardness properties to 
a degree, the outstanding high transverse strength under 
repeated shock establishes this steel as a shock resisting 
type, Atha Pneu is quenched in oil for hardening. It is 
most useful as hot bolt header dies, shear blades, chipping 
chisels, forming dies, swaging dies, and rivet busters. 


AIR HARDENING TOOL STEELS 


Analyses 


Crude 

C 

Mn 

St 

Cr 

V 

Mo 

Airkool-S ...... 

1.00 

,70 

,30 

5,25 

M 

1,15 

Airdt 150-$ _ 

1,55 

.35 

.45 

11,50 

.90 

.SO 

HYCC 

2.25 

.35 

.50 

11,50 

,20 

.SO 


Knowing that the Oil Hardening Steels represent a pro¬ 
nounced improvement over the Water Hardening Types 
with itigard to distortion and size change, it should be 
expected that Air Hardening Steels would be even better. 
This is actually the ease. The slower cooling in the 
haitlening phase results in less intense strains with less 
distortion. While this is a notable characteristic, these 
steels are also more resistant to abrasion than the Oil 
Hardening Types, 
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In general, the most import-ant element in making' these 
ateeta air hardening is molybdenum. By uniting with the 
Carbon and chromium, it produces hard carbides which 
give high wear resistance to these steels. This is of essen¬ 
tial value because these ateels. are used mostly for blank- 
ing and forming diea, rolls,, cams, gauges, and similar 
long run applications. The higher alloy content requires 
tSiat the hardening temperature be raised* Vanadium is 
introduced to prevent grain coarsening. 





Figure 5 HYtC usr>rJ tor blanking with cjt£tl1*nt of i-ilO and 

high wr-nr rn-iiironrc far long pradudlien ruf*. 
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Airkool-S contains the least amount of alloy of the three 
grades listed in this group. It is extremely tough xs-ith ex- 
c el lent properties of minimum distortion. It is a deep hard* 
ening steel used to replace the Oil Hardening Type when 
greater t<w>l or die life is required for long production runs. 

Both Airdi 1&0-S and HYCC contain greater amounts 
of carbon and chromium which result in the formation of 
more chromium carbides than in Airkool-S. Consequently, 
these grades are used when there is a need for more abra¬ 
sion resistance. The £.25% carbon grade, HYCC, is used 
where abrasive wear is extreme Airkool-S is used whore 
toughness requirements are needed most. Airdi 150-S is 
intermediate in both respects between these two. 


HOT WORK STEELS 


Analyses 


Grade 

C 

Mn 

St 

O 

V 

IF 

Mo 

Halcomb £18.. 

,40 

,40 

1,05 

5.00 

.50 

_ 

1,35 

Chro-Mow , „, 


,35 

1.05 

5.00 

.35 

1.25 

1,35 

Peerless A- 

.30 

.30 

.30 

3.35 

.35 

9,00 

_ 

Rex VM, PX.. 

.50 

.30 

.30 

4,00 

1,95 

■— 

8.00 


Hot Work Steels, as the name implies, are used in op¬ 
erations where the material being worked is usually in a 
temperature range of 1100 F, to 2000 F. Actually, the 
tools and dies, themselves, become hot, reaching tempera¬ 
tures ranging from GOO F. to 1200 F. Typical applications 
ere shell forging,, hot extrusion, and hot shearing. 

The principal requirement of these tool steels is to 
maintain a high hardness or resistance to softening in the 
temperature range mentioned. Chromium, tungsten, and 
molybdenum are all effective in promoting this property. 
They arc also important in developing the necessary 
resistance to abrasion. As stated earlier, these elements 
induce deep hardening characteristics and set these steels 
Will harden by quenching in air, 

Toughness to withstand high pressures, or intermittent 
shock, is always a requirement of Hot Work Steals. For 
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(his reason* the carbon content is in a range lower than 
any of the other groups of steels being discussed. 
However, carbon is present in sufficient quantity to give 
reasonable hardness. Silicon is also useful in promoting 
toughness. 

Ill referring to Hot Work Steels, it is common practice 
to class them either as chromium types or tungsten types. 
Th is depends on which of these two elements predom¬ 
inate, Halcomb 218 and Chro-Mow are in the chromium 
group; Peerless A is in the tungsten group. Res VM, PX 
Temper is a low carbon high speed -steel used for hot work 
applications and does not fall into the above classification. 

The chromium grades offer more resistance to repeated 
stresses. They will better resist heat checking from rapid 
temperature changes where liquid coolants are used. The 
tungsten types offer greater resistance to heat and abra¬ 
sion, They are essentially semi-high speed steels with 
lower carbon content and possess much greater toughness 
than the high speed steels. They are usually used when 
the tools approach a dull red heat, 

HIGH SPEED STEELS 

These steels are the most highly alloyed of all the tool 
steel types. The name was popularly applied when it was 
first discovered that greatly increased cutting speeds 
could be used by hardening from high temperatures. 

The most important feature of these steels is the ability 
to resist softening at elevated temperatures. Putting it 
another way, increased speeds of machining lo the point 
where the tool becomes a dull red occurred with the 
advent of high speed steels. They have the ability under 
such conditions to maintain much harder cutting edges 
than any other toed steel. 

Tungsten and molybdenum are the predominating ele¬ 
ments in high speed steel. They have the same general 
effect in producing "Red Hardness" which means high 
hardneas at elevated temperatures. They may exist singly 
or in combination with one another in varying percent¬ 
s'! ges. When molybdenum is used in place of tungsten, the 
amount of molybdenum is about one-half the amount of 
tungsten replaced. 
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It is general practice to refer to a high speed steel as 
either a tungsten or molybdenum typo depending on the 
predominance of either element. Those which contain 37* 
or more of molybdenum are classed as molybdenum ty|jes. 
The tungsten types usually contain more than 12% of 
that element. 

Chromium, in conjunction with tungsten or molyb¬ 
denum, improves red hardness. It also adds wear resistance 
by forming chromium carbides. With cobalt added, or 
vanadium increased, further classification of types is nec¬ 
essary, Cobait, while it does not form carbides, further 
increases red hardness. Vanadium produces a hard carbide 
which is extremely abrasion resistant. 

There are more than 20 grades with distinctly different 
analyses which are commercially available at the present 
time. This booklet shows 3 groups with a total of 10 
grades, These 10 steels will fulfill the major requirements 
for high speed steels, although there are others of special 
analysis tailored to specific applications. 


GENERAL PURPOSE HIGH SPEED STEELS 

AfHTfj/ses 


Grade 

C 

Mn 

Si 

Cr 

V 

W 

Mo 

Co 

Rex M2S . .. 

,85 

,30 

,30 

4.15 

1.95 

6-40 

5.00 


Rex TMO , . 

,85 

,30 

.30 

3.75 

U5 

1.55 

8.70 

- _ _ 

Rex VM . .. . 

,90 

.30 

.30 

4,00 

1,95 

— 

8.00 

, _ 

Rex AA .... 


,30 

,30 

4.00 

1.15 

18.00 

— 

__ _ 


The basic tungsten or molybdenum types have what 
may be considered a normal balance of properties. Be¬ 
cause of this, they are referred to as General Purpose 
High Speed Steels. The cobalt and high vanadium types 
accentuate stiecific properties and so are considered as 
special types. 

Rex A A, the standard 18-4-1 tungsten high speed steel, 
was the outcome of the first work on high speed steel. 
Consequently, it has received the greatest attention In 
research development and has been used as a standard 
for comparison of all the other grades since shortly after 
the turn of the century. Today it is still widely used be- 
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cause it is less susceptible to decar bur Nation than the 
others, 

Rex M2S, Rex TMO, and Rex VM aj-e known as molyb¬ 
denum types. The development and use of this type was 
held back for many years because of its tendency to de- 
carburixe. The presence of molybdenum is responsible 
for this trait. The constant improvements in heat treat¬ 
ing practices to overcome this drawback plus the forced 
familiarity due to the scarcity of tungsten and economic 
trends in recent years have resulted in its overwhelming 
acceptance. 

Rex M2S is the most popular of all the Rex High Speed 
Steels at the present time. It differs from the ISM-I type 
in that a combination of tungsten and S$ molyb¬ 

denum replaces the IS^r tungsten in Rex A A, As com¬ 
pared to Rex A A, Rex M2S show's improvement in tough¬ 
ness ami wear resistance. It has found widespread use as 
multiple point Cutting tools such as drills, taps, hobs, 
hacksaw blades, and broaches. 



Figure 6. Breathci made oF Re* M-25 High Spttd 5ia*l. 


Rex TMO and Rex VM both contain about molyb¬ 
denum. The former has VA% tungsten while the latter 
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contains no tungsten. They are tough high speed steals 
which are used in large quantities for twist drills, taps, 
and cutters. Being molybdenum types they have a ten¬ 
dency to decarburize during heat treatments 


COBALT TYPES 


Awafysea 


Grade 

C 

Mn 

Si 

Cr 

V 

W 

Mo 

CO 

Rex AAA .75 

,30 

.30 

4.00 

1.15 

18.00 

.75 

5.00 

Rex 95 

.80 

.30 

.30 

4.00 

2.00 

1 1.00 

.75 

5.25 

Rex 19 

1.10 

i4'> 

.30 

4.25 

2.00 

6.75 

3.75 

5.00 


Cobalt has been added to high speed steel to increase 
reel hardness properties. About 5$ is the usual addition, 
although some special grades contain 8 f ; r and others 
12'^- r Abrasion resistance is improved slightly with these 
types, but there is a noticeable decrease in toughness. 
With cobalt additions there is a tendency towards ducat 1 - 
burissalion in hardening. 

Res AAA (18-4-1 + 5 Co) and Rex 05 (14-4-2 + 5 Co) 
ai”e tungsten-cobalt types. Both of these grades are recom¬ 
mended for continuous hogging cuts or where the tool 
must cut dry. They arc usually used for single point 
cutting tools and, in some eases, for form tools and cut¬ 
lers. Rex AAA is widely used for machining cast iron and 
non-ferrous alloys, Rex Du is a good choice for machining 
stainless steels. Rex ID is a balanced analysis molybdenum- 
cobalt type and is the most outstanding high speed steel 
for cutting hard-to-machine materials. 


HIGH VANADIUM TYPES 

Artafyfra 


Grade 

C 

Mn 

Si 

Cr 

V 

w 

Mo 

Rex IV .,. 

1.25 

.30 

.30 

J.OO 

4.00 

18.50 

,75 

Rex Jf3S-J. 

1.05 

.30 

.30 

4.00 

2.40 

6.25 

6.25 

Rex M3S-2. 

1.20 

.30 

.30 

4,00 

3.00 

6.25 

6,25 


ID 
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Ey increasing the vanadium and carbon content of 
high speed steel it has been possible to gain a much 
greater number of extremely hard vanadium carbides. 
These types give longer wear life to tools in cutting 
highly abrasive materials. liaising the vanadium content 
over 2.00ft 1 requires an approximate increase in carbon 
of 0,20% for each I.QOft increase in vanadium, These 
types arc sometimes referred to as Super High Speed 
Steels. Unusual performance with tool life increased 
much as two or thi'ee limes that of standard high speed 
steels is rot uncommon. 

Rex 4V {4ft vanadium) is a tungsten-vanadium high 
Speed steels. Rex M3S-1 (2.40ft vanadium) and Rex 
M3S-2 (3.00ft vanadium) are molybdenum-vanadium 
types, in choosing one of these steels, it should iio home 
in mind that they grind with greater difficulty in the hard¬ 
ened condition. This is to bo expected, since they have 
greater resistance to abrasion. 

Rnx M2S. M!i£-I r and Rex M3S-2 contain higher amounts 
of sulfur than normal in order to make them easier to 
machine and grind. A definite improvement in machin¬ 
ability and grindability has been found with no serious 
loss in toughness. Many years of experience have indicated 
no impairment in cutting ability. 
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HEAT TREATMENT OF TOOL STEELS 

The intrinsic value of tool steels becomes a reality only 
after heat treatment. Therefore, it is extremely important 
that the best job possible be done to get maximum |>er- 
fnrmance. The cost of shaping tools is usually quite high 
making it penny-vvi$e and dollar-foolish to try to cut 
corners or take short cuts. 

The heat treater is not being tompermental when he 
says one job will take longer than another. Actual differ¬ 
ences exist in the correct procedure for the various types 
and grades of tod steels. As a rule, the more alloy in a 
tool steel the longer it will take to harden the steel 
properly. Generally speaking, it is also true that the 
hardening temperature will be higher. 



Figure 7. Hardening R*x High Speed $l«el Bih. 


When discussing the heat treatment of tool steels, the 
basic concept is hardening followed by tempering. Har¬ 
dening consists of heating to a prescribed temperature to 
condition the steed for quenching, and then cooling at a 
predetermined rale Usually to just above csr near room 
temperature. 
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The temperature of the preheat will vary depending on 
the type of ateel, but it is generally above IQOG F. and 
seldom. over 1600 F, High hardening temperatures and 
large or irregular Beet ions will indicate the need for pre¬ 
heating. In many instances, it is not necessary to preheat 
Carbon Tool Steels, Ketos, and some of the Shock Resist¬ 
ing Steels unless the sections arc large. If unusually large 
sections are encountered, it may be wise to employ two 
preheating steps. 

High Heat 

The high heat cycle is the most important one. At this 
point, the final conditioning of the steel preparatory to 
quenching is accomplished. Not only is the temperature 
important, but the time must also be carefully watched. 
Excessive time or temperature will cause grain coarsen¬ 
ing and deearbunation. There is a reasonable leeway for 
control of both conditions, Low temperatures or short 
times bring about inadequate solution of carbides or non- 
uniform structural conditions,, 

Frequently,, a ''soak'* at the high heat temperature is 
specified. This means that the stool must be held at the 
quenching temperature for a certain period of time. 
There are two reasons for this; first, it assures the entire 
section being thoroughly heated; second, the more highly 
alloyed steels, particularly the air hardening and hot 
work steels, are somewhat sluggish in responding to heat 
treatment and require time for conditioning. 

Quench 

When the high heat cycle is complete, the work is re¬ 
moved for quenching. The actual hardening of the steel 
lakes place during the quench. The change progresses as 
the temperature decreases within a range of 700 P. to 
400 F. on down below 150 F, where the reaction is suf¬ 
ficiently complete from a practical viewpoint. 

Various compositions require different cooling rates to 
assure full hardness. The decision to use a particular 
quenching medium Is based on its ability to remove heat 
at the rate required by the particular steel and the mass 
of the section. The ideal medium would reduce the tern- 
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Figure 8. Ouenthing m&l in wafer, 

perature quickly fit first and then more slowly to accom¬ 
modate the stresses from hardening 1 which develop in the 
lower temperature range. 

Temper 

Tempering follows the quench. While this step is the 
simplest and easiest to perform, its importance is not 
minor. Again, w r e have a time-temperature relationship 
which requires exact control of both. Control of the time 
between the quench and temper is vital. 

Since hardening takes place gradually at the end of the 
quench cycle, it is readily apparent that tempering too 
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soon interrupts coolin# putting a stop to further harden¬ 
ing. In large sections where a decided temperature 



figure 4, Herjndf V«rS1» lempt:ring temperature far three grade* 
rtpri;<nlglivt ef Caitwn, Hot W(j»k r arid High Speed Ste*l. 


gradient exists, cracking may occur. Even, if this does 
not happen, the hardening will not be complete. 

On the other hand, if the work is permitted to lay 
around at room temperature, the stresses from hardening 
continue to build up to a point where rupture may occur. 
These conditions show the need for definite timing at this 
stage. The long standing rule of tempering as soon as the 
work can be held with the bare hand continues to be a 
good guide. 

The usual range for tempering spreads from 300 to 
1200 F. depending on the grade and harness desired. 
The time should ho a minimum of one hour and may 
extend as long as six hours in some cases. The response 
to tempering is slow, requiring a full measure of time for 
completeness. For the higher alloyed steels which gener¬ 
ally are hardened from temperatures above 1700 F. dou¬ 
ble tempering is essential to achieve the full benefit from 
this treatment. Figure 9 shows the general effects on 
hardness after tempering three grades representative of 
the types shown. 
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WATER HARDENING CARBON TOOL STEELS 

Carbon Tool Steels are generally hardened from a 
range of 1420 F, to 1475 F. To obtain a Steepler case, 
temperatures as high as loofl F. arc sometimes used. It 
is not advisable to go higher than this in most eases, be¬ 
cause excessive grain coarsening causes a loss in fatigue 
strength, 

Because of the low alloy content and their rapid re¬ 
sponse to heat treatment, it is usually not necessary to 



Figure IQ, "Cat*■■Co-re 1 ’ of iphl piilori made al WSttf hardming 

Carbuh l&al ilutl. 
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preheat the:se steels. However, it is advisable to preheat 
largo tools as it will help in besting more uniformly and 
reduce the time in the higher temperature furnace. 

A critical part of the hardening of these steels is the 
quenching operation. Water quenching is drastic and will 
reduee the temperature of the tool or die in a matter of 
seconds. 

There are two attendant dangers in water quenching— 
one, a tendency for the steel to crack; two, soft spots may 
develop tf the proper technique is not used, 

Temporing should follow quenching immediately to 
minimize the danger of cracking. If a tempering fur¬ 
nace is not readily available, the too! should be placed in 
boiling water without delay. 

When quenching Carbon Tool Steels, either in water or 
brine, the work should remain submerged until all vibra¬ 
tion stops. This is a signal that the most violent changes 
within the steel have stopped. As soon as the work can be 
touched with the bare hands, it should be removed. The 
belief that the tool or die must l>e stone cold to get full 
hardness is erroneous. Such a practice invites cracking. 

Soft spots cause a break in the uniformity of the hard¬ 
ened surface. As weak links in a strong chain, they spell 
failure. They develop in two ways—either the surface 
temperature is lowered just prior to quenching or areas 
on the surface become insulated from the quenching 
medium. 

Premature splashing or contact with tongs or fixture 
parts will cause the surface temperature to drop in local¬ 
ized points. Steam or air bubbles, dirt, scale, or oil in the 
quenching bath, are all sources of insulation. These in¬ 
sulators prevent the water or brine from contacting the 
area while the tempera tun 1 is still high enough to bring 
about full hardness. 

flood housekeeping to keep the quenching medium 
clean and the use of common sense in understanding what 
Es taking place makes the hardening of these steels prac¬ 
tical for a wide variety of Uses. 

Where maximum hardness is desired, the lowest safe 
tempering temperature is (hat of boiling water. Except 
for work such as burnishing rolls, this tow r temperature 
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is Hot usually applied, For general tool and die work, the 
normal tempering temperature is with in 350 F. to 400 F. 
For those tools subject to impact, such as chisels and 
rivet busters, temperatures between 550 F. to 600 F. 
are used, 

DDL HARDENING TOOL STEEL 

Ketos is hardened in much the same manner as the 
Carbon Tool Steels except oil is used as the quenching 
medium. The normal hardening: range is slightly higher, 
usually 1450 F. to 1500 F. Prehefiting at 1200 F, to 1250 F, 
is recommended for large or intricate sections. 

For quenching, warm thin oil should be used to bring 
the temperature betow 150 F. or until the work can be 
held in the bare hands. Where minimum siae change is 
desired, the jJalts may be removed from the oil just under 
the flash point (about 400 F.) and allowed to cool in air 
bclou r 150 F. 

Tempering should be done immediately. If there must 
be a delay, the use of boiling water is recommended. The 
usual hardness required is Rockwell C-60 02. This can 
be obtained by tempering within the range of 350 F, to 
400 F. for a minimum of two hours. Sections over two 
inches thick should be tempered a minimum of one hour 
per inch, 

SHOCK RESISTING TOOL STEELS 

As a group these steels are not associated with a dis¬ 
tinctive quenching medium, since La Belle Silicon #2 and 
Hal van may be hardened in either oil or water while At ha 
Pneu is an oil hardening grade. La Belle Silicon #2 is 
more susceptible to decarburStation than the others. 

AIR HARDENING TOOL STEELS 

This group of steels hardens in air by cooling from a 
temperature range of 1800 F. to 1850 F. Preheating 
within a range of 1450 F. to 1500 F, is common practice. 
The usual hardness, obtained by tempering at 400 F. to 
6500 F., ia Rockwell C-58/62. 
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Bemuse of thn high temperatures used In hardening, 
these steels should be heated in atmosphere controlled 
furnaces to avoid decarbumattan and pitting. If such 
furnaces art; not avaitable, the work should be wrapped 
in brown paper and packed in an inert material such as 
clean* dry cast-iron chips or a commercial noMfmf packing 
compound. 

To gain maximum hardness, they arc sometimes 
quenched in oil. When this is done, the high heat tem¬ 
perature is dropped to a lower range of 1750 F, to 1800 F, 
To avoid excess scaling in air. tools arc sometimes hash 
quenched in oil to about 1000 F to 1200 F. and then 
cooled in air. 

Adequatc space should be allowed to afford a uniform 
movement of air around the parts being cooled. It is not 
good practice to use forced air although a mild flow of 
air from an electric fan is often used to speed up the 
cooling action. 

HOT WORK STEELS 

Since this group is comprised of two principal types, 
the Chromium and Tungsten Hot Work Steels, it iis ex¬ 
pedient to show the usual hardening cycles as in Table 11. 

TABLE It 


Cftromtum Tungsten 


Preheat . ►, . 

1400 1500 F. 

1500 1550 F. 

High Heat ,. 

1800 1850 F. 

2150 2250 F- 

Quench . 

Air flool below 
150 F. 

Interrupted Oil Quench 
to JOOO F > then Air 
Fool below 150 F, 

Temper. 

1050 F. 

1200 F, 

Rockwell C . . 

45 50 

40 4,5 


Double tempering of these type* is essential. In double 
tempering, the steel is heated to the desired temperature* 
held for the required time* allowed to cool to room tem¬ 
perature. and then reheated and cooled through the same 
cycle. The tempering temperature used should be higher 
than that which the tool is expected to reach during the 
actual operation. 
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The surface of the chromium steels needs protection 
during heat treatment either by atmosphere control or 
pack hardening os described under air hardening steels. 

HIGH SPEED STEELS 

These steels require high temperatures for hardening. 
The molybdenum types are usually hardened! from a 
range of 2200 F. to 2250 F., the tungsten types as a rule 
from 2300 F. to 2300 F,„ when heat treated in an atmos¬ 
phere controlled furnace. When salt baths are used, the 
temperature is lowered 25/35" F. Both types should be 
preheated within the range of 1450 F r to 1550 F. In high 
production units, savings will be realised if a double pre¬ 
heat such as 1200 F. and then 1550 F. is used. 

There- are two predominant aims in heat treating high 
speed steels. One is to develop maximum red hardness and 
resistance to abrasion. In such cases, the ideal practice is 
to heat the steel to the high side of the range and quench 
in oil. This procedure allows the maximum solution of 
hard carbides to take place without excessive grain 
coarsening or the development of a duplex grain size, 
With this technique, hardness values of about Rockwell 
C-65 are consistently obtained, but toughness (the ability 
of the cutting edge to withstand operating stresses with¬ 
out chipping) is sacrificed to a degree. However, this 
treatment is practical for single point tools and inserts 
where the cutting edges are well supported. 

The other aim is to accent toughness in order to pre¬ 
vent the early failure of tools by chipping. To achieve 
this condition, low r cr hardening temperatures are recom¬ 
mended in conjunction with salt bath quenching or air 
cooling. Temperatures as much as 100 F. to 200 F. lower 
than normal are often used. Hardening in this manner 
will result in hardness values of Rockwell C-62/64. Small, 
multiple point tools, such aa drills, end mills, taps, and 
hacksaw blades, require accentuated toughness. Other 
tools such aa punches and billeteer tools where shock is 
pronounced are also heat treated in this way. 

Generally, high speed steel is quenched in a liquid bath, 
either salt or oil. To minimi^ distortion, air cooling is 
sometimes used. Water should not be used because ite fast 
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action invariably results in track in# even in small sections. 

Liquid salt bath quench in# is quite common where the 
complete installation for hardening consists of a battery of 
salt bath furnaces. The piece being hardened is quenched 
into a bath operating at about U00 F. An important point 
to consider is the control of heat being absorbed in the 
quenching bath to prevent the teirqieralure from exceed¬ 
ing 1200 F. After the temperature of the piece has equal¬ 
ized throughout, the piece is removed from the bath and 
cooled in air to about 150 F. and immediately tempered. 

Oil quenching is more effective and should be used 
when maximum hardness is the aim. The piece is either 
quenched directly into oil at about IlnO F, or the "inter¬ 
rupted'' quench is used. The latter 13 the best and preferred 
procedure. To accomplish this the work is plunged into 
the oil until the color disappears from the surface. Then 
the tool is removed and held in the air until the color re¬ 
appears on the surface. It is usually necessary to repeat 
this a number of times, depending on the size of the work, 
until the color becomes a uniform dark red. The tool is 
then allowed to finish cooling in air. As in the case of Hot 
Work Steels, H igh Speed Steels should be double tempered. 

HEAT TREATING TECHNIQUE 

The previously described procedures are "general'' since 
they apply to a number of individual steels in a family 
grouping. Precise temperature ranges for each grade have 
not been shown. To use these recommendations requires a 
certain amount of heat treating "know-how," Like so many 
Other skills, there just isn't any published manual which 
covers the practical "tricks of the trade.*' In the absence 
of such a manual, several recommendations are offered as 
a guide for each heat treater to establish his own "bible” 
as a supplement to his every day experience, 

RECORDS 

The recording of data pertaining to the heat treating 
of specific tools is commonly practiced. Actually, the re¬ 
corded notes represent an interpretation of metallurgical 
science. 

One of the primary values of individual notes is that 
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the Information relates to the equipment at hand. There 
are also many other values—practical results to compare 
with laboratory reports, ready reference for repeat jobs 
which only occur at tong intervals, and a history of the 
job to correlate with field performance. In this latter re¬ 
spect notes serve as useful'evidence to determine 
the reasons for unusual performance, either good or bad. 

In addition to this personal record, the heat treater's 
library should include data sheets of tool steels, booklets 
and preprints of articles, as well as bulletins relating to 
heat treating equipment and supplies. 

INSPECTION OF INCOMING MATERIAL 

The first contact with the work, as. it arrives En the 
Hardening Room, is a good time to give some thought to 
what is going to happen. Usually tool steel„ ready for 
heat treatment, will be in the annealed condition with the 



Figure 11, Standing die HTCC properly identified before h™t 

Ireolment 
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mill surface removed. Of course, the steel in one way or 
another will have been formed into a particular shape. 

A look St the toot or die will often tell the condition of 
the material to indicate whether or not a successful hard¬ 
ening operation can be accompli shed, and certainly the 
work should be clearly marked with the brand name or 
symbol of the tool steel type (Figvre H) r Such things as 
sharp corners* variation in thickness, shiny streaks from 
cold working, original bar surface, excessive burning 
from grinding, or tool marks all tell a story. As experi¬ 
ence is accumulated, th< ability to detect grade mEx-up or 
improper hardness as revealed by a machined surface 
will prevent many tool failures. 

If inspection of the material in any way suggests a 
cause for baldening difficulty, a careful review should be 
made. Hardness may require cheeking, or a spark teat to 
identify the material may be necessary. Frequently, such 
faulty results as hardening cracks, low hardness, size 
change, coarse grain, and distortion are traced to condi¬ 
tions which existed prior to hardening. It isn't only 
spoilage of expensive tools which is involved, but produc¬ 
tion may be halted or delayed due to a Lack of tools. 


preparation 

While the work is being inspected, plans for outlining 
the heat treating cycles can be made. Some cycles are 
long, and close timing for the best use of a variety of heat 
treating equipment requires good planning. With tool 
steels, no part of the operation should be left to chance 
nor should the heat treater get himself into a dilemma for 
want of preparation. In some cases, it may be worth¬ 
while to make a “dry run" to insure the best results. 

In addition to arranging fixtures, tongs, and other han¬ 
dling equipment, it is sometimes necessary to pack the 
work for protection against, furnace atmospheres. Cast- 
iron chips are commonly used for this purpose. This is an 
excellent material for the job, but trouble can occur if 
the chips are not properly conditioned. They are first 
cleaned tree of dirt and oil, and then burned or "spent" 
to remove the carbon. This makes them inert. It is im- 




CIUCI1I1E STEEL COMPACT Of AMERICA 


portant that all packing mediums be kept dry; otherwise, 
deearburNation and scaling will result. 

In preparing a pack, the work is wrapped in heavy 
wrapping paper before being placed in the box. The paper 
chars and prevents the chips from sticking to the work. 
The layer of chips lining the box should be V/*" to 2f f 
thick. There are also several commercial compounds for 
this purpose. The important feature is to be sure that 
they are inert, 

TESTING 

To check results of hardening, the heat treater should 
he familiar with several practical test procedures. File 
testing, Rockwell hardness testing, and sandblasting to 
check soft spots are quick methods for obtaining indica¬ 
tions of the response to heat treatment. 

The file hardness test is used to determine if the heat 
treated product is “file hard." The best time to use this 
test Is after hardening but before tempering. The reason 
for this is that this test is specifically associated with 
"full hardness'' and tempering usually softens the steel. 

In file testing, a firm pressure on the flat (not the edge) 
of the test file is required with a slow forward stroke. In 
most cases, a shallow skin (tenths of thousands) will be 
present on the work* The file wilt quickly bite through 
this and then slide over the hard area. If the work is not 
4 'full hard'" or dccarburizatfon is present, the file will 
drag and remove appreciable amounts of metal. 

The test file is a standard product made specifically for 
this purpose. A good description of the file test is given 
in the ASM Metals Handbook, If much filing ia done on 
hard steel, the test file quickly loses its sensitivity and 
usefulness because the sharp edges on the teeth wear off 
leaving the file dull, 

The Rockwell Hardness Tester (Figure IS), is univer¬ 
sally used for testing hardened tool steels. The most im¬ 
portant fact to remember is that the hardness values, in 
themselves, are not positive indications but are relative, 
When compared with technical reports and data from 
previous field experience, they will indicate if the aims 
of heat treatment have been realized. 
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It is not always practical or possible to make a hard¬ 
ness teat or the mate rial itself. For this reason, the use 
of pilot samples for teat purposes is highly recommended. 
Not only can hardness tests be made, but the samples cart 
be broken for visual inspection of the grain size or the 
sample may be used for examination under the microscope. 

Surface inspection to determine soft spots is often made 
after sandblasting. This is especially useful with Carbon 
Tool Steels to determine the effectiveness of the quench. 
Areas which are soft will be dull because the abrasive will 
have penetrated the surface more than in the hard areas. 
Variations of the finish due to differences in hardness are 
readily distinguished. This inspection ia also useful in 
determining the presence of tight, scale. 

HEATING EQUIPMENT 

Furnace equipment for heating tool steels includes salt 
baths, atmosphere controlled furnaces, arid muffle type- 
furnaces. At one time, salt baths were looked upon as a 
cure-all to avoid decarburization, carburization, pitting, 
end poor surface conditions in general. The idea existed 
that no change in the surface was possible because there 
was no contact between the work and a gaseous atmos¬ 
phere. 

This is an erroneous conception because oxides in the 
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bath will attack the steel. On the other hand, salt, baths 
definitely represent a means of positive control as far as 
surface is concerned, but maintenance of the neutral con¬ 
dition of the salt requires close attention. Desludging. 
additions of fresh salt, the use of graphite rode, and other 
rectifiers are alt used on a regular schedule to keep the 
bath clean. 

Each type of heating? medium has its particular advan¬ 
tages and disadvantages, but to get clean work without 
surface attack requires religious control no matter what 
tyjH 1 of furnace is used. An important consideration in 
selecting a type of furnace concerns the requirements to 
properly fixture or support the work. 

Flame hardening and induction heating, which arc well 
known, are seldom used with tool steels. With these 
methods, positive control of temperature is not possible, 
and the fast rates of heating result in undesirable tem¬ 
perature differentials. In some special cases, they may be 
used with small sections. 

Mar tempering, austempering, carburizing, and nitrid¬ 
ing are other heat treating processes used in connection 
with tool steels. Because of their rather special applica¬ 
tion, they are not discussed in this booklet. 

There are also operations such as forging, grinding, 
and machining which are important in considering the 
use of tool steels, hut are not discussed in this booklet. 
These are mentioned solely to recall that this discussion 
of tool steels is of a general nature. 

At the present time, all of us are digging in to lower 
manufacturing costs. As the major producer of tool steel. 
Crucible is eager to give specialized service to insure 
maximum performance from its products. The user 
should not wait until trouble develops, but should plan 
periodic review for adjusting outmoded practices before 
serious situations develop. 

In recognizing the need for even gi'oater attention, 
Crucible has Industry Specialist and Field Technical Serv¬ 
ice Engineers to augment and act as a liaison between 
Sales, Operations, Metallurgy, and Research Laboratories. 
The activities of these people are directed primarily in 
the field of application. 
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TOO L S-TiEL FOl THE hOW-h'.FTALIUHlJlE.T 


USEFUL INFORMATION 


To fund circumference of n circle multiply diameter by 
3.1410. 

To find diameter of a circle multiply eiremnferttice by 
.31831. 

To find ami of a circle multiply square- ol diameter by 
.7X54. 

Area of rectangle, length multiplied by breadth. Doubling 
the diameter of a circle increases ife area four times. 

To liod area of a triangle multiply Ihu® by }/> perpendicular 
height. 

To find surface of a ball multiply square of diameter by 
3441G. 

To find aide of an inscribed square multiply _ diameter by 
li,7071 or multiply circumference by 0,22ol or divide circum¬ 
ference by 4.4428. 

To find side of an equal square multiply diameter by .88452. 

Square. A side multiplied by 1.4142 equals dian'iErter of its 
circumacribrng; circle. 

A .dile multiplied by 4,443 equaLK circumference of its cir¬ 
cumscribing circle. 

A side multiplied by 1.128 equals diameter of an equal 
circle 

A side multiplied by 3-547 equals circumference of all equal 
circle. 

Square »notes multiplied by 1,273 equals circle inch^ of 
an equal circle. 

To find cubic inches in a ball multiply cube of diameter 
by ,523& 

To find cubic contents of a cone, multiply area qf base by 
H the altitude, 

Doubling the diameter of a pipe increases iu capacity 
four times. 

A gallon of water (U, S. Standard) weighs S]4 Lb. and con¬ 
tains 231 cubic inches. 
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OUeilLE JTIEl COMPANY CF AMIKICA __ 


USEFUL INFORMATION—Continued 

A cubic foot of watflr contains 7 x /z gallons, 1728 cubic inches, 
and weighs 02 H lb. 

To find the pressure in pounds per square inch of a column 
of water multiply the height of the column in feet, by .434. 

Steam rising from water at its boiling point 212 (degrees) 
has a pressure equal to the atmosphere (14.7) lb. to the square 
inch. 

A jrtfljjrfnrci horsepower:- The evaporation of 30 lb. of water 
per hour from a feed water temperature of 100 F. into steam 
at 70 lb. gauge pressure. 

To find capacity of tanks any Rise: given dimensions of a 
cylinder in inches, to find its capacity in U. gallons: square 
the diameter, multiply by the length and by .0034, 

To ascertain heating surface in tubular boilers, multiply 
H the circumference of boiler by length of boiler in inches 
and add to it the area of all the itdies. 

One-sixth of tensile strength of plate multiplied by thickness 
of plate and divided by one-half the diameter of boiler gives 
safe working pressure for tubular boilers. For marine boilers 
add 20 per cent for drilled holes. 

To find the capacity of an air compressor in cubic fed of fret 
air per minute: Multiply the ansa, of low pressure cylinder (on 
compound compressor), or area of simple compressor cylinder 
in square inches, by the stroke in inches abd ill vide by 172S; 
and multiply this result— 

(a) In single acting, simple or compound, by tho R.P.M. 

(b) Qoubft acting, simplo or compound, by 2 x R.P.M, 

(c) Duplex, double acting, by 4 x R.P.M. 
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IDOL STEEL FO* THE NCN-Mf TALIURGHT 


LENGTH CONVERSIONS 

Bated an Value 1m.™ 39.37 in. 
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CKIKIRLF STrEl COMPANY OF AMERICA 


LENGTH CONVERSIONS —Continued 

Bated on Value 1 m. = 39.37 in. 
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-- CRUCIttUE StEEL COMPANY^ Of AMERICA __ 

HARDNESS CONVERSIONS FOR STEEL —Continued 
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TOOL -STEEL FOR tHE NON-METALLURGIST 


CIRCUMFERENCES AND AREAS OF CIRCLES 
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CALrCl&LE tTt[L COMPANY AMEtlCA 


FRACTIONS OF AN INCH AND 
DECIMAL EQUIVALENTS 
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